agnosis is still a challenge, often requiring a multidisciplinary approach. The most important differentiation is between the benign and malignant etiology. However, there is no consensus regarding an adequate diagnostic approach to malignant biliary strictures (MBS). Moreover, various etiologies of MBS may complicate the choice of diagnostic tools.
In this issue of Clinical Endoscopy, Tanaka et al. report the results of a retrospective analysis of endoscopic transpapillary tissue sampling for MBS and factors predictive of diagnostic accuracy. 2 The authors showed that a combination of forceps biopsy, brush cytology, aspiration cytology, and endoscopic nasobiliary drainage cytology improved the diagnostic accuracy of MBS, 2 findings which are similar to those of a previous study. 3 Major malignancies leading to MBS include pancreatic adenocarcinoma and cholangiocarcinoma. Surgical literature series show that 15%-24% of patients undergoing resection for suspected MBS based on preoperative imaging or endoscopic evaluation have a benign etiology. [4] [5] [6] [7] [8] Thus, accurate preoperative tissue diagnosis is necessary to increase the likelihood of complete resection and to avoid perioperative morbidity and mortality. Despite multiple diagnostic methods being available, no single test has sufficient sensitivity to differentiate between benign biliary strictures and MBS. Noninvasive laboratory and radiological tests including transabdominal ultrasound, computed tomography (CT) and magnetic resonance cholangiopancreatography (MRCP) are the common initial modalities used for suspected MBS. Transabdominal ultrasound is usually the initial imaging test, but has limited ability for detection of MBS. 9 CT can provide staging information on local spread, nodal and vascular involvement, and metastasis, and has much higher sensitivity for detection of MBS. 10 However,
CT still only has a sensitivity of 40%-77%. [11] [12] [13] With a sensitivity of 96%-99% and specificity of 85% for differentiation of malignant and benign causes of obstruction, 14 MRCP has become the preferred imaging modality in evaluation of MBS. Endoscopic retrograde cholangiopancreatography (ERCP) is the most widely used diagnostic and therapeutic modality in MBS. ERCP is useful in identifying the location and extent of MBS and acquiring specimens through brush cytology and intraductal biopsy. Endoscopic brush cytology has a sensitivity of 23%-56% and specificity of 95% in the diagnosis of MBS. [15] [16] [17] [18] Various factors can influence the poor yield of brush cytology and include both tumor characteristics and procedure-related factors. 19 Navaneethan et al. reviewed nine studies that included 730 patients to compare the effectiveness of endoscopic brush cytology and intraductal biopsy in the diagnosis of MBS. 3 The pooled sensitivity and specificity of brushings and intraductal biopsies was 45% and 99%, and 48.1% and 99.2%, respectively. The sensitivity and specificity can be increased to 59.4% and 100%, respectively, by combining the two methods. They showed that brushings and biopsies alone have limited sensitivity for the diagnosis of MBS, but that sensitivity can be increased by combining the methods. 3 Factors contributing to diagnostic yield include tumor characteristics (location, size, and type of stricture), cytology preparation and interpretation, and ERCP technique (skill and experience of the endoscopist). 20 However, these factors are not fully understood. Tanaka et al. demonstrated that a combination of diagnostic methods based on the suspected etiology of MBS using imaging studies can improve diagnostic accuracy. 2 Importantly, the sensitivity of forceps biopsy for biliary lesions (extrahepatic cholangiocarcinoma, 91.4%) was significantly higher than that for extrabiliary lesions (pancreatic cancer, intrahepatic cholangiocarcinoma, gallbladder cancer, metastatic cancer, and postoperative recurrence, 66.3%). This study has several limitations including a retrospective design, small number of pathologic diagnoses confirmed with surgical specimens, and relatively low sensitivity of tissue sampling for extrabiliary lesions. However, the authors showed that sensitivities differ according to tumor characteristics such as presence or absence of direct invasion of the bile duct. These real-world results emphasize the importance of choosing an accurate and appropriate diagnostic method based on the characteristics of strictures using imaging and endoscopic findings. Further prospective and larger scale studies are needed to determine the diagnostic yield and comparative effectiveness of ERCP-based sampling methods and endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) according to tumor characteristics. Several studies performed to improve the sensitivity of brush cytology showed that multiple brushings can help to increase the diagnosis rate but that brush length or stricture dilation failed to improve diagnostic yield. 19, 21 Moving the sheath and brush across the stricture at least 15 times and sending the sheath rinse along with the brush is a simple modification in technique that can improve the yield of brush cytology for biliary strictures. 22 Triple-tissue sampling including endoluminal FNA, brush cytology, and forceps biopsy or additional endoluminal FNA can increase the sensitivity to 77%. 18 In addition, fluorescence in situ hybridization (FISH) and flow cytometry can improve the diagnostic yield of ERCP. 23 Probe-based confocal laser endomicroscopy (pCLE) for real-time in vivo histological imaging has the potential to be a valuable diagnostic tool for difficult cases. 24 However, FISH and pCLE are not widely used and require further validation for routine clinical practice. Single-operator cholangioscopy for direct visualization of the biliary tract was recently developed, and can provide additional direct images and biopsy sampling to improve the diagnosis of MBS, but still has several limitations. 25 To conclude, standard ERCP, conventional sampling methods, and EUS-FNA alone are insufficient to differentiate MBS from benign strictures, and combining different modalities is necessary to increase the diagnostic sensitivity. Emerging technology such as FISH, pCLE, and cholangioscopy can provide better sensitivity and may improve diagnostic yield. Tissue sampling sensitivity and specificity varies according to the etiology of cancer and characteristics of the stricture. Therefore, the diagnostic approach for MBS needs to be individualized and requires consideration of multiple factors including the cause of malignancy and the endoscopist' s preferred technique.
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